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JPS1-1  Alternative splicing and RNA 
editing modulate Ca2+ infl ux via CaV1.3
Channels
Tuck W. Soong
Dept. Physiol, Yong Loo Lin Sch. Med., National Univ. of Singapore
Posttranscriptional mechanisms such as alternative 
splicing and RNA editing are exquisite means to fine-tune 
Ca2+-dependent regulation of voltage-gated (CaV) calcium 
channels. The generation of alternatively spliced isoforms 
and edited channels not only diversify function but it also 
inÁ uences the pharmacology of the channels.
Post-transcriptional modifications of the IQ-domain, 
encoded by exon 41, of the CaV1.3 L-type channels regulate 
Ca2+-dependent inhibition (CDI). The lack of CDI in the 
CaV1.3 channels may play an important role in cochlear 
amplification, neurotransmitter release and activity-
dependent transcription in the hair cells or in the pacemaker 
activity of the suprachiasmatic neurons. We have recently 
discovered RNA editing at the IQ-domain resulting in the 
reduction of CDI. This pin-point modification is mediated 
by adenosine deaminase acting on RNA 2 (ADAR2) enzyme. 
ECS-/- mice genetically targeted to produce unedited CaV1.3 
channels exhibited lower action potential spike frequencies 
in electrophysiological slice recordings of spontaneous 
oscillations in the suprachiasmatic neurons. These mice 
were shown to be more anxious and displayed altered sleep 
patterns. Alternative splicing at the C-terminus not only 
alters channel biophysical properties but also modulates 
sensitivity to inhibition by dihydropyridines.
Overall, alternative splicing and RNA editing mechanisms 
contribute significantly to Ca2+ homeostasis via regulating 
Ca2+-dependent inhibition (CDI), a negative feedback 
mechanism on CaV1.3 channel function.
JPS1-3  Function and modulation of 
TRP channels in the somatosensory 
system
Thomas Voets
Lab. of Ion Channel Research and TRP Research Platform Leuven (TRPLe), 
Dept. Cell and Mol Med., KU Leuven
Various Transient Receptor Potential (TRP) cation channels 
act as molecular sensors of temperature and chemical 
ligands in primary sensory neurons. In particular, a large 
body of research from the past 15 years has extensively 
highlighted the important contribution of TRPV1, TRPM8 
and TRPA1 in physiological thermo- and chemosensing 
as well as their contribution to inflammatory and 
neuropathic pain. Recently, we have identified TRPM3 as 
an additional heat- and ligand-gated ion channel expressed 
in somatosensory neurons. I will present recent insights 
into the cellular regulation of TRPM3 its contribution to 
thermosensation and pain, and discuss its potential as a 
drug target for various pain-related conditions.SJPS1-2  Signal transmission within 
the P2X2 trimeric recptor and 
the voltage dependnet structural 
rearrangements
Yoshihiro Kubo1,2, Batu Keceli1
1Div. Biophys. & Neurobiol., Natl. Inst. Physiol. Sci., 2Dept. Physiol. Sci., 
SOKENDAI
ATP receptor channel P2X2 is a trimer of  two trans-
membrane type subunits and it shows ATP- and voltage-
dependent gating in spite of the absence of canonical 
voltage-sensor.
It has been known that binding of two ATP molecule to 
the trimer is sufficient to activate P2X. To clarify how the 
signal of binding of two ATP to the trimer is transmitted 
to open the channel pore, we utilized three tandem-repeat 
constructs and introduced mutations exactly controlling the 
number and position. We observed that the ATP binding 
signal is directly transmitted on the same subunit down 
to the level of the linker and that the signal subsequently 
spreads equally to all three subunits at the channel pore 
level. 
We also approached the voltage-dependent structural 
rearrangements of P2X2, by comparing the modification 
speed of Cys. We introduced two Cys residues at the linker 
region between the ATP binding site and the pore, and 
monitored the speed of current modification by Cd2+ in 
the presence or absence of ATP, and at hyperpolarized or 
depolarized membrane potential. We observed that current 
modification by Cd2+ was much faster in the presence of 
ATP than the absence, and also at hyperpolarized than at 
depolarized potential. The results clearly demonstrate the 
presence of ATP-dependent and also voltage-dependent 
structural rearrangements of P2X2.
JPS1-4  The physiological 
architecture and function of the 
cochlear K+-transport essential for 
hearing
Hiroshi Hibino1, Fumiaki Nin1, Shingo Murakami2, 
Yoshihisa Kurachi2
1Dept. Mol. Physiol., Niigata Univ. Sch. Med., 2Div. Mol. Cell. Pharmacol., 
Dept. Pharmacol., Grad. Sch. Med., Osaka Univ.
Cochlear endolymph harbors +80 mV. This endocochlear 
potential (EP), which is essential for hearing, is formed by 
the unidirectional K+-transport through the lateral wall 
comprising inner and outer epithelial layers. Apical surface 
of the former faces the endolymph, whereas basolateral 
side of the latter is exposed to the regular extracellular 
fluid. Both layers express K+ channels apically and two 
K+-transporters, Na+,K+,2Cl--cotransporter (NKCC) and 
Na+,K+-ATPase, basolaterally. The channels of the inner 
layer are IKS and those of the outer layer are Kir4.1. The 
EP represents the sum of the K+-channel induced diffusion 
potentials that occur at the apical surfaces of the two layers. 
These potentials depend on the balance of extra/intracellular 
[K+] across each apical surface. Our recent physiological 
assays revealed that the outer-layer’s NKCC might be non-
functional. The computational model incorporating the 
channels and transporters showed that the unidirectional 
K+-transport is driven by these apparatus and controls the 
[K+] balance indispensable for the diffusion potentials. We 
also theoretically demonstrated the mechanism underlying 
deafness caused by genetic mutations or pathological 
disorders of the channels and transporters.17
JPS1-5  Simulation-based approach 
to understanding TRPM4-mediated 
arrhythmogenicity
Ryuji Inoue1, Yaopeng Hu1, Xin Zhu2
1Dept. Physiol., Fukuoka Univ. Sch. Med., 2Biomed. Info. Tech. Lab. the Univ. 
Aizu
TRPM4 is a Ca2+-activated nonselective cation channel 
abundantly expressed in the heart and has been implicated 
in familial atrio-ventricular block and other arrhythmogenic 
propensity associated with cardiac remodeling. The present 
study was designed to evaluate its arrhythmogenicity 
from a quantitative point of view by means of patch 
clamping and mathematical simulation. After membrane 
excision or in whole-cell configuration which caused rapid 
desensitization, robust activation of TRPM4 channel 
occurred only at hundreds of ǍM concentrations. However, 
when evaluated under ionomycin-permeabilized conditions, 
this channel became activated by the sub-ǍM range of Ca2+ 
(apparent Kd=500-600nM) with a prominent shift of voltage-
dependency. Simulations based on the Luo-Rudy or Nygren 
action potential (AP) models indicated that incorporation 
of Ca2+- and voltage-dependent kinetics of TRPM4 channel 
allowed several-fold increase in its expression to prolong 
the late AP phase 3 and/or evoke EAD-like premature 
depolarizations. Moreover, increased TRPM4 expression 
depolarized the membrane thereby eliciting AP firing. All 
these model predictions were confirmed by experimental 
observations in HL-1 atrial myocytes pretreated with 
neurohormonal remodeling procedures.
JPS2-1  The mechanism and 
therapy in depression associated with 
cardiovascular diseases
Kohji Fukunaga
Dept. Pharmacol., Tohoku Univ. Grad. Sch. Pharm. Sci.
Cardiovascular diseases are risk factor to cause depression 
in human. We recently defined that an impaired sigma-1 
receptor (Sig-1R) function is associated with SSRI-
resistant depressive behaviors in CaMKIV null mice. We 
here hypothesized that 1) the impairment of Sig-1R in 
brain triggers the depressive behaviors in cardiovascular 
disease patients and 2) Sig-1R stimulation improves its 
depressive behaviors. We found that cardiac hypertrophy 
and dysfunction induced by transverse aortic constriction 
(TAC) triggers depressive behaviors with concomitant 
downregulation of brain Sig-1R in mice. Importantly, oral 
administration of a specific Sig-1R agonist SA4503 (0.3-
1.0mg/kg) significantly improved TAC-induced depressive 
behaviors with restoration of Sig-1R expression in both 
hippocampal CA1 and DG regions. Indeed, the plasma 
corticosterone levels were signiÀ cantly elevated in 6 weeks 
after TAC and chronic corticosterone treatment for 3 
weeks caused depressive behaviors with reduction of Sig-
1R expression in the hippocampus. Taken together, Sig-1R 
stimulation with SA4503 is attractive therapy to improve 
not only depressive behaviors but also cardiac dysfunction 
in cardiovascular diseases.S1JPS1-6  TRPV4 channel activity is 
modulated by direct interaction of the 
ankyrin domain to PI(4,5)P2
Shiro Suetsugu1,3, Nobuaki Takahashi1, 
Sayaka Hamada-Nakahara2, Yuzuru Itoh2, 
Kazuhiro Takemura2, Akio Kitao2, Yasuo Mori1
1Grad. Sch. Engineering, Kyoto Univ., 2Inst. Molecular and Cellular 
Biosciences, Univ. of Tokyo, 3Nara Inst. Sci. and Technol. (NAIST)
The diversity of protein modules for lipid binding is not well 
established. Here we screened the lipid binding domains 
and found that the ankyrin-repeat domain (ARD) can bind 
to lipid. Then we focused on the ARD of TRPV4, because 
mutations in the ARD of TRPV4 are responsible for several 
channelopathies, including Charcot–Marie–Tooth disease 
type 2C and congenital distal and scapuloperoneal spinal 
muscular atrophy. However, the molecular pathogenesis 
mediated by these mutations remains elusive, mainly due 
to limited understanding of the TRPV4 ARD function. We 
found that phosphoinositide binding to the TRPV4 ARD 
leads to suppression of the channel activity. Among the 
phosphoinositides, phosphatidylinositol-4,5-bisphosphate 
(PI(4,5)P2) most potently binds to the TRPV4 ARD. The 
crystal structure of the TRPV4 ARD in complex with 
inositol-1,4,5-trisphosphate, the head-group of PI(4,5)P2, and 
the molecular-dynamics simulations revealed the PI(4,5)P2-
binding amino-acid residues. The TRPV4 channel activities 
were increased by titration or hydrolysis of membrane 
PI(4,5)P2. Notably, disease-associated TRPV4 mutations 
that cause a gain-of-function phenotype abolished PI(4,5)
P2 binding and PI(4,5)P2 sensitivity. These À ndings identify 
TRPV4 ARD as a lipid-binding domain in which interactions 
with PI(4,5)P2 normalize the channel activity in TRPV4.
JPS2-2  Stress and the glutamate 
system. A key to pathophysiology and 
treatment of mood disorders
Maurizio Popoli
Dept. Pharmacol. and Biomolecular Sci., Univ. of Milano
Maladaptive changes in the structure and function of 
excitatory/inhibitory circuitry have a primary role in 
psychiatric pathophysiology. Rodent studies have shown 
that stressors induce dendritic atrophy, reduction of 
synapses number and volumetric reductions resembling 
those observed in patients with mood disorders. A 
major role in this process is attributed to elevation of 
glucocorticoid hormones by stressors, which enhance 
glutamate release/transmission, in turn inducing retraction 
of dendrites. We have previously shown that acute stress 
rapidly enhances glutamate release/transmission in 
prefrontal and frontal cortex (PFC/FC), mediated by 
glucocorticoid/mineralocorticoid receptors (GR/MR). Chronic 
antidepressants are able to prevent the enhancement of 
glutamate release induced by acute stressors. We have 
now evidence that acute stress rapidly enhances glutamate 
vesicles mobilization, through activation of synaptic GR/MR-
mediated non-genomic mechanisms. Our results suggest 
that rapid (non-genomic) synaptic action of corticosterone is 
necessary, but not sufÀ cient, to increase glutamate release/
transmission in PFC/FC, which requires activation of 
delayed, genomic, mechanisms.8
JPS2-3  A role for miR-188 in 
synaptic functions: Pathophysiological 
implications in Alzheimer’s disease
Hye-Sun Kim
Dept. Pharmacol. and Biomed. Sci., Seoul National Univ., Coll. of Med.
We report here that an activity-regulated microRNA, 
miR-188, controls dendritic plasticity and synaptic 
transmission by downregulating neuropilin-2 (Nrp-2). 
miR-188 was significantly downregulated in the cerebral 
cortices and hippocampi from Alzheimer’s disease (AD) 
patients compared to those from age-matched control 
subjects. We also demonstrate that the treatment with 
oligomeric amyloid beta peptide 1-42 (A ǃ1-42) significantly 
diminished the expression of miR-188 in primary cultured 
hippocampal neurons. The replenishment of miR-188 into 
A ǃ1-42 treated rat primary cultured hippocampal neurons 
rescued the reduction in dendritic spine density in the cells. 
Furthermore, the impairments in cognitive function and 
fEPSPs observed in 7-month-old AD transgenic model mice 
were ameliorated via the viral-mediated expression of miR-
188 in these animals. Taken together, these results indicate 
that the reduction of miR-188 in the brains of AD patients 
may contribute to the cognitive dysfunctions observed in 
the disease. Taken together, the reduction of miR-188 in 
the brains from AD patients may contribute to the cognitive 
dysfunctions observed in the disease.
JPS2-5  Type 5 adenylyl cyclase; its 
role in regulating neuronal and cardiac 
function
Yoshihiro Ishikawa
CVRI, Yokohama City Univ. Sch. Med.
Among the nine subtypes within the adenylyl cyclase 
family, type 5 adenylyl cyclase (AC5) has a unique feature 
in tissue distribution and biochemical property.  Its 
expression is mostly in the heart and the striatum while 
very little expression in other tissues.  Biochemically, it has 
the highest catalytic activity within the family.  Genetic 
disruption of AC5 (AC5KO) led to a major loss of AC activity 
in a striatum-specific manner, and AC5KO exhibited 
Parkinsonian-like motor dysfunction.  In the heart, cardiac 
AC activity was modestly decreased, but no major changes 
in cardiac function were observed.  AC5KO, however, 
exhibited resistance to various cardiac stresses, such as 
pressure overload or chronic catecholamine stimulation. 
AC5KO exhibited longer life span, presumably due to 
enhanced resistance to oxidative stress.  We have also found 
that vidarabine, an anti-virus drug, can inhibit AC5 with 
higher selectivity among other subtypes.  Vidarabine does 
not inhibit cardiac function, but prevents the occurrence of 
atrial fibrillation.  Accordingly, targeting this AC subtype 
may be an alternative to the current beta-adrenergic 
receptor acting drugs in the future.JPS2-4  Antioxidant potential of 
IL-6 in response to the neurotoxicity 
induced by convulsant
Hyoung-Chun Kim
Neuropsychopharmacology and Toxicology Program, College of Pharmacy, 
Kangwon National Univ.
It was investigated the role of cytokines in trimethyltin 
(TMT)-induced convulsive neurotoxicity. Evaluation of 
TNF-ǂ, interferon-Ǆ, and IL-6 knockout (–/–) mice showed 
that the IL-6 (–/–) mice had the greatest susceptibility to 
TMT-induced seizures. In both wild-type (WT) and IL-6 
(–/–) mice, TMT treatment increased oxidative damage 
in the hippocampus. The effect was more pronounced in 
the IL-6 (–/–) mice than in WT controls. In addition, the 
ability of TMT to induce nuclear translocation of Nrf2 and 
upregulation of HO-1 and Ǆ,-glutamylcysteine ligase was 
signiÀ cantly decreased in IL-6 (–/–) mice. In IL-6 (–/–) mice, 
rIL-6 provided significant protection against TMT-induced 
neuronal degeneration; this effect of rIL-6 was counteracted 
by the PI3K inhibitor LY294002. These results suggest that 
activation of Nrf2-dependent glutathione homeostasis and 
phosphoinositol 3-kinase (PI3K)/Akt signaling is required for 
the neuroprotective effects of IL-6 against TMT. In addition, 
it will be discussed that IL-6 modulation is involved in 
ceruloplasmin-mediated anticonvulsant/neuroprotective 
mechanisms.S19
